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LOW DOPED BASE SPACER FOR REDUCTION OF EMITTER- 
BASE CAPACITANCE IN BIPOLAR TRANSISTORS WITH 
SELECTIVELY GROWN EPITAXIAL BASE 

5 Inventor: Alexei Sadovnikov 

Background of the I nvention 

1. Field of the Invention 

The present invention relates to semiconductor integrated circuits 
10 and, in particular, to a bipolar transistor structure that includes a low- 
doped (or undoped) base spacer layer between the emitter and a high- 
doped base layer and small emitter-base capacitance, thereby resulting 
in small emitter-base capacitance. 

15 2. Discussion of the Related Art 

Fig. 1 shows a conventional silicon- geranium (SiGe) bipolar 
junction transistor (BIT) 100 that is manufactured using a selectively 
grown epitaxy (SEG) base. A sketch of the impurity distribution under 
the emitter polysilicon layer of the Fig. 1 B JT structure is shown in 

20 solid lines in Fig. 2. 

The Fig. 1 BJT structure includes a collector region 102 that is 
formed in a shallow trench isolated (STI) portion of a N-type 
semiconductor (typically silicon) substrate. A P-type epitaxial SiGe 
base region 104 is formed on the collector region 102. N-doped 
25 polysilicon emitter 106 is formed over the base region 104. An 

epitaxial doped silicon emitter capping layer 108 is formed beneath the 
emitter 106. 

As shown in Fig. 2, the base boron concentration Bhigh of the 
conventional BJT device is very high, i.e.>5E18/cm 3 . This results in 
30 both a noticeable tunneling current through the emitter-base junction, 
which contributes to the base current and reduces Beta, and high 
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emitter-base capacitance, which reduces transit frequency fT, especially 
at low currents. 

To reduce emitter-base tunneling in BJT structures, Schuppen et 
al., "Enhanced SiGi Heterojunction Bipolar Transistors with 160 Gh2- 
W\ IEDM Technical Digest, p. 743 (1995), suggest depositing a low- 
doped n-type emitter spacer layer on top of the boron-doped base layer, 
i.e. between the n-type emitter and the p-type base (see Fig. 1). 
However, molecular beam epitaxy (MBE) is required to implement the 
necessary dopant profile and MBE is not a commercially-viable 
manufacturing technique. 



Summary r>f the Tnvention 
An embodiment of the present invention provides a bipolar 
transistor structure that includes a collector region of n-type 
15 conductivity formed in a shallow trench isolated portion of a silicon 

substrate. A two-layer base region is formed on the collector region; the 
two-layer base region includes a lower, highly doped P-type layer that 

is formed on the collector region and an upper, relatively low doped P- 
type (or undoped) layer formed above the highly doped layer. A n- 

20 doped polysilicon emitter is formed over the upper layer of the base 

region. 

The features and advantages of the present invention will be more 
fully appreciated upon consideration of the following detailed 
description of the invention and the accompanying drawings. 
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Description of the D rawings 
Fig. 1 is a cross-section view illustrating a conventional SiGe 
bipolar junction transistor (BJT) with shallow trench isolation (STI). 

Fig. 2 provides a sketch of the impurity distribution beneath the 
30 center of a polysilicon emitter in the Fig. 1 transistor structure, the solid 
line showing the impurity distribution without a base spacer, the dashed 
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line showing the distribution with a base spacer in accordance with the 

present invention. 

Fig. 3 is a cross-section view illustrating a bipolar transistor 
structure in accordance with the concepts of the present invention. 
5 Fig. 4A shows one-dimensional donor and acceptor distributions 

under the polysilicon emitter used in simulation without a base spacer. 

Fig. 4B shows a one-dimensional donor and acceptor 
distributions under the polysilicon emitter used in simulation with a 
base spacer in accordance with the present invention. 
10 Fig. 5 is a graph showing dependence of B JT parameters on a 

portion of the base spacer thickness in accordance with the present 
invention between the highly doped base and the emitter, Tbs-Xe in 
Fig. 2. 

15 Detailed Des cription of the Invention 

In accordance with the present invention, the n-doped emitter 
spacer of the type disclosed by Schuppen et al. is replaced by a low- 
doped, or even un-doped, base spacer as shown by dashed lines in Fig. 
2 (where Blow is boron concentration). This can be accomplished by 
20 switching off the dopant source, typically boron, 
at the final stage of the base epitaxial growth. 

A bipolar device structure 300 in accordance with the present 
invention is shown in the Fig. 3. The device 300 includes a n-type 
collector region 302 formed in a portion of a shallow trench isolated 
25 (STI) silicon substrate. A P-type base region 304 is formed on the 

collector region 302; the base region includes a lower layer 304a of 
highly p-doped (e.g., boron) epitaxial SiGe material and an upper layer 
304b of relatively low p-doped (or undoped) SiGe material. The 
dopant concentration of the upper layer 304b should be about minus 
30 10x or less than the dopant concentration of the lower layer 304a. 
Those skilled in the art will appreciate that a typical dopant 
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concentration of the lower layer 304a is about 1E19; therefore, in this 
case, the dopant concentration of the upper spacer layer would be about 
1E18 or less. A n-doped poly silicon emitter region 306 is formed on 

the upper base layer 304b. 
5 The real boron profile can be different from the ideal profile 

shown in Fig. 2, but what is required is to lower the base doping in the 
thin upper layer 304b between highly doped p-type lower base layer 
304a and the n-type emitter region 306. This layer base structure will 
cause the emitter-base space-charge region to spread into the low- 
10 doped base spacer 304b and its thickness will increase. This results in 
a desirable decrease of junction capacitance and tunneling. However, if 
the thickness of the base spacer 304b is smaller than the thickness of 
the emitter-base space charge region, then the thickness of the quasi- 
neutral base will not increase. Hence, the maximum transit frequency 
15 (fTpeak) will remain nearly the same. 

In order to illustrate this effect, two dimensional simulations of 
the SiGe NPN BJT were made using the well known MEDICI program. 
Acceptor and donor profiles under the polysilicon emitter layer which 
were used in simulation are shown in Figs. 4A and 4B for structures 
20 without and with' a base spacer, respectively. A few structures with no 
base spacer and different base spacer thickness were simulated. 

The dependence of the calculated BJT parameters on the base 
spacer thickness is shown in Fig. 5. The thickness of the highly doped 
base region 304a was tuned in order to maintain approximately the 
25 same maximum Beta (BetaMax) values for all structures. 

One can see drastic reduction of the emitter-base capacitance 
(Ceb) when the thickness of the low doped base spacer 304b increases. 
Results also show that there is a range of the base spacer 304b 
thickness in which transit frequency fT at low current (fTlow), 
30 calculated at 25uA/um2, increases significantly while maximum transit 
frequency fTpeak decreases only a little. For larger base spacer 
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thickness, maximum transit frequency fTpeak decreases drastically due 
to increase in the quasi-neutral base thickness. 

Given the above detailed description of the invention and the 
embodiments of the invention, described therein, it is intended that the 
following claims define the scope of the invention and that structures 
and methods within the scope of these claims and their equivalents be 
covered thereby. 



5 



